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METHOD OF PLASMA ETCHING OF HIGH-K DIELECTRIC 
MATERIALS WITH HIGH SELECTIVITY TO UNDERLYING LAYERS 

BACKGROUND OF THE INVENTION 
Field of Invention 

[0001] The present invention relates generally to a method 
of dry etching semiconductor wafers. More specifically, the 
invention relates to a method of etching high K dielectric 
materials using a gas mixture comprising a halogen gas and a 
reducing gas. 

Description of the Background Art 

[0002] Field effect transistors that are used in forming 
integrated circuit generally utilize a polysilicon gate 
electrodes deposited upon a gate dielectric that separates 
the electrode from the channel between source and drain 
regions. In prior art transistor structures, the gate 
dielectric is typically fabricated of silicon dioxide (Si0 2 ) . 
However, as integrated circuit transistors have become 
smaller (on the order of 10 0 nanometers in width) , the 
thickness of the dielectric material in the gate structure 
has become thinner than 10 Angstroms. With such a thin 
dielectric, electrons can propagate from the polysilicon 
gate electrode into the transistor channel causing the 
transistor to operate improperly or become defective. 

[0003] This leakage of electrons from the gate electrode 
through the gate oxide has led researchers to investigate 
the use of more stable high K dielectric materials. One 
very stable dielectric material having a high dielectric 
constant is hafnium-oxide (Hf0 2 ). However, hafnium-oxide is 
such a stable dielectric material that it is very difficult 
to etch using conventional oxide etchants to form into gate 
structures without damaging other layers of material 
residing on the wafer. As such, hafnium-oxide has found 
limited use in semiconductor devices. 
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[0004] Therefore, there is a need in the art for a high K 
material etching process having very high selectivity to 
silicon oxide, polysilicon and silicon. 

SUMMARY OF INVENTION 

[0005] The disadvantages associated with the prior art are 
overcome by the present invention for etching materials with 
high dielectric constants ^high K materials have a 
dielectric constant greater ,tnan 4.0) such as Hf0 9/ ZrO. , 
A1 2 0 3 , BST, PZK, ZrSi0 2 , HFSi0 2 , Ta0 2 , and the like using a 
gas mixture comprising a halogen gas and reducing gas. In 
one embodiment of the invention, an etch gas (or mixture) 
comprising chlorine (Cl 2 )/and carbon monoxide (CO) is used 
for etching a hafnium- oxide films. In one example, the gas 
flow rates are in the^ range 20-300 seem Cl 2 and about 
2-200 seem CO (i.e., a CL 2 /CO flow ratio ( 0 . 1-1 ) : ( 1-0 . 1 ) ) , 
with a total chamber pressure in the range of 2 -1Q-CL mTorr 



[0006] A decoupled plasma source etch reactor is 
illustratively used to practice one embodiment of the 
present invention. In general, the reactor uses an 

inductive source power of about 200-2500 W for plasma 
generation, and applies a cathode bias power of about 5- 
100 W to a wafer support pedestal. The reactor maintains 
the pedestal within a temperature range of about 100 to 500 
degrees Celsius. The invention can be practiced, for 
example, by supplying to the reactor a combination of about 
40 seem of chlorine gas and about 40 seem of carbon monoxide 
gas, while maintaining a total chamber pressure of about 4 
mTorr. The gas mixture is supplied to the reaction chamber 
wherein a plasma is formed and a hafnium-oxide layer is 
etched. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0007] The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

[0008] FIG. 1 depicts a schematic diagram of a plasma 
processing apparatus of the kind used in performing the 
etching processes according to one embodiment of the present 
invention ; 

[0009] FIG. 2 depicts a flow diagram of an example of the 
inventive process ; 

[00010] FIG. 3a depicts a schematic cross-sectional view of a 
wafer having a hafnium-oxide layer of the kind used in 
performing the etching processes according to an example of 
the present invention; 

[00011] FIG. 3b depicts a schematic cross-sectional view of a 
gate structure comprising the hafnium-oxide layer of FIG. 3a 
that has been etched using a chlorine and carbon monoxide 
etching chemistry according to an example of the present 
invention; and 

[00012] FIG. 4 is a table summarizing the processing 
parameters of one embodiment of the inventive method when 
practiced using the apparatus of FIG. 1. 

[00013] To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical element that are common to the figures. 

DETAIL DESCRIPTION OF EMBODIMENTS OF INVENTION 



[00014] The present invention is a method of etching 
materials with high dielectric constants (high K materials 
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have dielectric constants greater than 4.0) using a plasma 
generated from a gas (or gas mixture) comprising gases 
containing a halogen gas (such as Cl 2 , HCl and the like) and 
a reducing gas (such as carbon monoxide (CO) . The high K 
materials include Hf0 2 , Zr0 2 , Al 2 0 3 , BST , PZK, ZrSi0 2 , HfSi0 2/ 
Ta0 2 , and the like. The type of halogen gas is selected to 
best remove the metal from the dielectric layer and the type 
of reducing gas is selected to best remove the oxygen from 
the dielectric layer. The etch process of the present 
invention can be reduced to practice in a Decoupled Plasma 
Source (DPS) Centura® etch system or a DPS-II etch system 
available from Applied Materials, Inc. of Santa Clara, 
California . 

rg [00015] FIG. 1 depicts a schematic diagram of the DPS etch 

ffi process chamber 110, that comprises at least one inductive 

m 

;,/; coil antenna segment 112, positioned exterior to a 

=£j dielectric, dome-shaped ceiling 120 (referred to herein as 

Mi the dome 120) . Other chambers may have other types of 

p ceilings, e.g., a flat ceiling. The antenna segment 112 is 

jjj coupled to a radio- frequency (RF) source 118 (that is 

?S generally capable of producing an RF signal having a tunable 

O frequency of about 12.56 MHz). The RF source 118 is coupled 

to the antenna 112 through a matching network 119. Process 
chamber 110 also includes a substrate support pedestal 
(cathode) 116 that is coupled to a second RF source 122 that 
is generally capable of producing an RF signal having a 
frequency of approximately 13.56 MHz. The source 122 is 
coupled to the cathode 116 through a matching network 124. 
The chamber 110 also contains a conductive chamber wall 130 
that is connected to an electrical ground 134. A controller 
140 comprising a central processing unit (CPU) 144, a memory 
142, and support circuits 146 for the CPU 144 is coupled to 
the various components of the DPS etch process chamber 110 
to facilitate control of the etch process. 



[00016] In operation, the semiconductor substrate 114 is 
placed on the substrate support pedestal 116 and gaseous 
components are supplied from a gas panel 13 8 to the process 



7 017 /ETCH/COR] 




chamber 110 through entry ports 12 6 to form a gaseous 
mixture 150. The gaseous mixture 150 is ignited into a 
plasma 152 in the process chamber 110 by applying RF power 
from the RF sources 118 and 122 respectively to the antenna 
112 and the cathode 116. The pressure within the interior 
of the etch chamber 110 is controlled using a throttle valve 
127 situated between the chamber 110 and a vacuum pump 136. 
The temperature at the surface of the chamber walls 13 0 is 
controlled using liquid-containing conduits (not shown) that 
are located in the walls 130 of the chamber 110. 

[00017] The temperature of the substrate 114 is controlled by 
stabilizing the temperature of the support pedestal 116 and 
flowing helium gas from source 148 to channels formed by the 
back of the substrate 114 and grooves (not shown) on the 
pedestal surface. The helium gas is used to facilitate heat 
transfer between the pedestal 116 and the substrate 114. 
During the etch process, the substrate 114 is heated by a 
resistive heater within the pedestal to a steady state 
temperature and the helium facilitates uniform heating of 
the substrate 114. Using thermal control of both the dome 
12 0 and the pedestal 116, the substrate 114 is maintained at 
a temperature of between 100 and 500 degrees Celsius. 

[00018] The RF power applied to the inductive coil antenna 
112 has a frequency between 50 kHz and 13.56 MHz and has a 
power of 200 to 2500 Watts. The bias power applied to the 
pedestal 116 may be DC or RF and is between 5 and 100 Watts. 

[00019] Those skilled in the art will understand that other 
forms of etch chambers may be used to practice the 
invention, including chambers with remote plasma sources, 
microwave plasma chambers, electron cyclotron resonance 

(ECR) plasma chambers, and the like. 

[00020] To facilitate control of the chamber as described 
above, the CPU 144 may be one of any form of general purpose 
computer processor that can be used in an industrial setting 
for controlling various chambers and subprocessors. The 
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memory 142 is coupled to the CPU 144. The memory 142, or 
computer-readable medium, may be one or more of readily 
available memory such as random access memory (RAM) , read 
only memory (ROM) , floppy disk, hard disk, or any other form 
of digital storage, local or remote. The support circuits 
146 are coupled to the CPU 144 for supporting the processor 
in a conventional manner. These circuits include cache, 
power supplies, clock circuits, input/output circuitry and 
subsystems, and the like. An etching process 200 is 

generally stored in the memory 142 as a software routine 
202. The software routine 202 may also be stored and/or 
executed by a second CPU (not shown) that is remotely 
located from the hardware being controlled by the CPU 144. 



[00021] The specific embodiment of Jthe etching process 2 00 
depicted in Fig. 2 comprises the/ steps of applying bias 
power to the pedestal (step 2 04),/ supplying gas containing 
chlorine (i.e., Cl 2 ) to the chamber 100 (step 206), supplying 
CO to the chamber 100 (step 208)y/ regulating the pressure of 
the Cl 2 and CO (step 210) , applying RF power and forming a 
plasma (step 212), controlling the wafer temperature (step 
§1 214), and etching the silicon/ (step 216). The etching step 

D 216 has a duration that continues until an unmasked portion 

of haf nium-oxide is removed^ The etch time is terminated 
upon a certain optical emission occurring, upon a particular 
duration occurring or upon some other indicator determining 
that the hafnium-oxide ha4 been removed. 



[00022] The foregoing steps of the process 2 00 need not be 
performed sequentially. For example, some or all of the 
steps may be performed simultaneously to etch a hafnium- 
oxide or other high K dielectric layer. 

[00023] The foregoing steps of the process 2 00 need not be 
performed sequentially. For example, some or all of the 
steps may be performed simultaneously to etch a hafnium- 
oxide or other high K dielectric layer. 
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[00024] The software routine 2 02 is discussed with respect to 
FIG. 1 and FIG. 2. The software routine 2 02 is executed 
after a wafer 114 is positioned on the pedestal 116. The 
software routine 2 02 when executed by the CPU 144, 
transforms the general purpose computer into a specific 
purpose computer (controller) 140 that controls the chamber 
operation such that the etching process 200 is performed. 
Although the process of the present invention is discussed 
as being implemented as a software routine, some of the 
method steps that are disclosed therein may be performed in 
hardware as well as by the software controller. As such, 
the invention may be implemented in software as executed 
upon a computer system, in hardware as an application 
specific integrated circuit or other type of hardware 
implementation, or a combination of software and hardware. 

[00025] Continuing to refer to FIG. 1 and FIG. 2, a wafer or 
other form of workpiece 114 is etched, for example, by 
applying a bias power in the range of 5-100 Watts to the 
pedestal 116 in step 204. The gaseous mixture 150 is 
supplied to the chamber 110 at a rate in the range of 20-300 
seem Cl 2 and 2-200 seem CO in steps 206 and 208, 
respectively. Such flow rates define a flow ratio of Cl 2 to 
CO in the range of ( 0 . 1-1 ) : ( 1-0 . 1 ) . In step 210, the total 
pressure of the gas mixture 15 0 is regulated to be 
maintained in the range of 2-100 mTorr . 

[00026] Once the gas mixture 150 is present above the wafer 
114, step 212 applies 200-2500 Watts of RF power to the 
antenna 112, and plasma 152 is formed. The wafer 114 is 
heated to 100-500 degrees Celsius in step 214. Etching of 
the wafer 114 occurs in step 216. One specific recipe for 
etching hafnium-oxide uses a pedestal bias power of 2 0 
watts, 40 seem of Cl 2 , 40 seem of CO, a chamber pressure of 4 
mTorr, an antenna power of 1100 watts and a pedestal 
temperature of 350° C. 

[00027] FIG. 4 presents a table 400 summarizing the etch 
process parameters through which one can practice the 



7017/ ETCH / COR[ ) 



-8- 



invention using a DPS Centura® system. The etch process 
parameters for the embodiment of the invention presented 
above are summarized in column 402 . The process ranges are 
presented in column 404. It should be understood, however, 
that the use of a different chamber may necessitate 
different process parameter values and ranges. 

[00028] One illustrative embodiment of the inventive process 
is used for etching a wafer 114 containing a film stack 310 
of FIG. 3a to form a gate structure of a transistor. The 
wafer 114 comprise a doped layer 314, a silicon dioxide 
layer 304 (optional), a high K dielectric layer 302, a 
polysilicon layer 306, and an etch mask 308. The film 

stack 310 comprises a layer of polysilicon 306 that has been 
previously etched to a form defined by the patterned 
photoresist mask 308. The photoresist 306 is patterned to 
leave a portion 312 of the high K dielectric layer 302 
exposed to the etch chemistry. An underlying, optional 
silicon dioxide layer 304 will be conventionally etched 
after the high K dielectric in region 312 is removed. The 
film stack 310 is deposited upon a wafer having a doped 
layer 314 that forms the channel of a transistor. In one 
embodiment where the high K dielectric material is hafnium- 
oxide, the hafnium- oxide is etched by the Cl 2 /CO chemistry at 
a rate of about 200 A/min with a selectivity to Si0 2 of 
greater than 60:1. The selectivity to silicon and 

polysilicon is greater than 3:1. 



[00029] The result of the inventive etching method is best 
appreciated by referring to a gate structure depicted in Fig 
3b. The profile illustrates a wafer 114 having the doped 
layer 314 that forms the channel of a transistor and a gate 
stack 318. The gate stack 318 comprises a gate dielectric 
316 and a gate electrode 306. The gate electrode comprises 
a polysilicon layer and the gate dielectric 316 comprises a 
high K dielectric layer 302 on top of a silicon dioxide 
layer 3 04. The high K dielectric layer ensures that, during 
transistor operation, electrons will not flow from the gate 
electrode to the channel. As such, the gate dielectric can 
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be made very thin, e.g., about 5 run. At 5 ran, the silicon 
dioxide layer is 2 rim thick and the high K dielectric layer 
is 3 nm thick. Alternatively, the Si0 2 layer may not be 
present and the high K dielectric layer may reside between 
the channel and the polysilicon layer. 

[00030] The invention may be practiced in other etching 
equipment wherein the processing parameters may be adjusted 
to achieve acceptable etch characteristics by those skilled 
in the arts by utilizing the teachings disclosed herein 
without departing from the spirit of the invention. 



